Mitochondria prepared from the livers of rats deficient in EFA* differ from normal mitochondria in several respects. They swell more rapidly (Johnson, 1963a,b), they are more permeable to substrates (Hayashida & Portman, 1963) and oxidative phosphorylation in them rapidly becomes uncoupled (Johnson, 1963b) . At the same time the dietary deficiency of EFA causes marked changes in the fatty acid composition of mitochondrial lipid (Bartley, 1964) 
phospholipid results indicate that in the control animals the liver mitochondrial phospholipids contain components of half-life 1-6 and 10 days whereas the mitochondrial phosphoipids of the EFA-deficient animals contain components of halflife 3 and 29 days. 6. The specific activity of mitochondrial [14C]phospholipid initially fell rapidly in both groups of animals, but after 17 days there was no further significant decrease. A fast component with maximum half-life 2-4 days was clearly demonstrated for both groups of animals. Whether or not these results also indicate the presence of a very long-lived mitochondrial phospholipid is discussed.
Mitochondria prepared from the livers of rats deficient in EFA* differ from normal mitochondria in several respects. They swell more rapidly (Johnson, 1963a,b) , they are more permeable to substrates (Hayashida & Portman, 1963) and oxidative phosphorylation in them rapidly becomes uncoupled (Johnson, 1963b) . At the same time the dietary deficiency of EFA causes marked changes in the fatty acid composition of mitochondrial lipid (Bartley, 1964) , most of which is phospholipid and thought to be predominantly structural in function. In addition, changes in mitochondrial structure have been reported in EFA deficiency (Wilson & Leduc, 1963; Stein & Stein, 1964) . It was therefore decided to compare the turnover of several components of mitochondria from the livers of deficient and control rats to determine whether or not deficiency induced changes in stability either in the mitochondrion as a whole or in its chemical constituents. This study also afforded an opportunity of testing more fully the suggestion of rFletcher & * Abbreviation: EFA, essential fatty acids. Sanadi (1961) (1957) . The samples of purified lipid were stored at -18°in 5ml. of CHC13. The residue from this extraction was designated 'insoluble protein'.
Measurement of 8pecifir activity of 35S in the protein fractions. The soluble protein fraction was treated with an equal volume of 10% (w/v) trichloroacetic acid and after standing for 30min. on ice the precipitate was sedimented by centrifugation (maximum speed in M.S.E. Major bench centrifuge). The insoluble protein and the trichloroacetic acidprecipitated soluble protein were subjected to combustion and the resultant sulphate was precipitated as benzidine sulphate by the method of Gaitonde & Richter (1955) with the following modifications. After the residues from combustion had been dissolved in 2-0ml of N-HCI, and the volume reduced by heating to about 1 ml., 2N-NaOH was added until the mixture was alkaline to pH paper. Then 30min. later the mixture was filtered through a Whatman no. 42 filter paper and the filtrate adjusted to below pH4 with 6N-HCI; 1 drop usually sufficed. The precipitation of benzidine sulphate and its deposition as an even plate on filter paper (1 in. diam., Whatman no. 42) was essentially as described by Gaitonde & Richter (1955) . The plates were counted under an end-window Geiger-Muller tube connected to a Panax D 657 counter. Counts were corrected to infinite thinness after allowing for dead time, background and radioactive decay. In addition, although most of the contaminating 32p was removed at the alkaline precipitation stage after combustion, it was found necessary to correct for residual 32p contamination. This was done by counting all samples with and without a lOOmg./cm.2 bronze filter, which stops 99% of the radiation from 35S but only 35% of that from 32p. From this the contribution of 32p to the unscreened count could readily be calculated. The correction rarely amounted to more than 10%.
Separation and radioactive assay of pho8pholipid8. Total lipid extracts were applied to 6 cm. x 1cm. columns of silicic acid (325 mesh for lipid chromatography; Koch-Light Laboratories Ltd., Colnbrook, Bucks.). Neutral lipids were eluted with 50 ml. of CHCls and phospholipids with lOOml. of methanol. The phosphorus content of the phospholipid fraction was determined by the method of Berenblum & Chain (1938) as modified by Bartley (1953) Vol. 104RESULTS EFA deficiency. At the start of the turnover study, i.e. after the animals had been ona diet for 15 weeks, the group given the fat-free diet showed the typical signs of EFA deficiency. They had grown less rapidly than the controls and after 12 weeks their body weight had reached a plateau, whereas the supplemented rats continued to grow. At 15 weeks the average weight of the deficient rats was 286g. and that of the supplemented rats was 378g. The skin of the deficient rats was scaly (this was particularly noticeable on the feet) and the water consumption of these animals was 70% higher than that of the supplemented rats. Table 1 shows a fatty acid analysis of the total lipid of liver mitochondria from deficient and supplemented animals. Most noticeable is the absence of linoleic acid from the deficient liver and the low percentage of arachidonic acid. Differences are not apparent in the percentages of docosahexaenoic acid, probably because corn oil used as supplement in the control series contains little linolenic acid, the precursor of docosahexaenoic acid. Clearly the rats on the fatfree diet were deficient in EFA. Specific activity of protein fractions. Fig. 1 shows the change with time in the specific activity of sulphur from mitochondrial insoluble protein.
Firstly, it is clear that there is no significant difference between the values for deficient and supplemented animals. Secondly, the fall in the logarithm of specific activity is linear with time, i.e. the decay indicates a first-order process with a halflife of 9-0 days. possible to assign values to the half-lives of these components with any precision. The half-life calculated for the period 14-28 days (that studied by Fletcher & Sanadi, 1961 ) is 9 5 days, but consideration of the whole curve suggests the presence of components of shorter and longer half-life than this. Fig. 3 shows the logarithmic decay curves for 32p of mitochondrial phospholipid for deficient and control animals. In neither case is decay linear with time. The remarks on the analysis of the curves for soluble protein apply equally here, but, since curves for phospholipid for both deficient and supplemented animals are linear after 14 days, characterization of the curves in terms of two components seems justified. Treated in this way the curves yield components of 1-6 and 10 days for the supplemented rats with 3 and 29 days for deficient rats.
The variation in the proportion of total 32p radioactivity of phospholipid contributed by lecithin, phosphatidylethanolamine and cardiolipin during the period 3-14 days after injection is shown in Fig. 4 The finding that the proportion of 32p radioactivity contributed by cardiolipin increases from 5 to 10% between 3 and 7 days is in agreement with the trend noted in short-term experiments (Taylor, Bailey & Bartley, 1967) . This rise indicates that the specific activity of cardiolipin is declining less rapidly than that of lecithin or phosphatidylethanolamine and may mean either that there is a very slow incorporation step or that the short-lived phospholipid component deduced from analysis of the curve for total phospholipid is poor in cardiolipin. Fig. 5 shows the decay of 14C of mitochondrial phospholipid. Initially, activity declines rapidly but the rate of fall decreases until at about 17 days the specific activity is, within experimental limits, static. Subtraction of the static component gives a fast component of half-life 2 days for the supplemented rats and 3-5 days for the deficient rats. DISCUSSION The present results suggest that EFA deficiency decreases the turnover of the phospholipid fraction of rat liver mitochondria. Although the effect of EFA deficiency on mitochondrial phospholipid turnover has not been reported previously, there have been several conflicting accounts of its effect on phospholipid turnover in whole liver. Klein & Johnson (1954) failed to detect any difference between the incorporation of [32P]phosphate into liver phospholipids of rats given a fat-free diet and those given the same diet supplemented with 5% of corn oil. Artom, Sarzana & Segr6 (1938) had previously shown that the turnover of hepatic phospholipids was faster in rats given a diet rich in olive oil than in those given a fat-free diet. On the other hand, Collins (1962) found that more [32P] .
phosphate was incorporated into liver phospholipids by EFA-deficient rats than by control animals. A similar observation was made by Morin & Alfin-Slater (1964) .
In all these investigations the radioactivities of liver phospholipids of EFA-deficient and control rats were compared at only one time-interval after injection of [32P]phosphate [lhr. by Collins (1962) ; 4hr. by Klein & Johnson (1954) and Morin & AlfinSlater (1964) ; 4 days by Artom et al. (1938) ]. Thompson & Ballou (1954 ,1956 ) andPascaud (1964 Stein & Stein (1964) , are due to changes in the lipid portion of the mitochondria. However, we were unable to detect marked changes in rat liver mitochondrial ultrastructure in EFA deficiency (unpublished work).
It was the original purpose of the present experiments to compare the half-lives of mitochondria from EFA-deficient and control rats by the method of Fletcher '& Sanadi (1961) . These authors found that several mitochondrial fractions had similar half-lives and concluded that mitochondria turn over as an entity with a half-life of 10-3 days. Some of our findings appear to be at variance with these conclusions. First, although we find that insoluble protein has a half-life similar to that reported by Fletcher & Sanadi (1961) Fletcher & Sanadi (1961) and our own may be due to differences in duration of the sampling period. Their conclusions are drawn from the coincidental linearity of decay in specific activity of several components, measured at 14, 21 and 28 days after injection. Our experiments, in which specific activities were measured at nine points between 3 and 35 days, agree with those of Fletcher & Sanadi (1961) over the period for which they can be compared (14-28 days), but a consideration of the data obtained before and after this period leads to the conclusion that the similarity in radioactive decay rates ofthe components is fortuitous. In particular, it is well established here, and also by Lusena & Depocas (1966) , that the specific activity of [14C] . lipid decays rapidly before this period and very slowly thereafter, so that the mean decay rate between 14 and 28 days cannot be used as a measure of lipid turnover.
The only other study comparable with ours is that of Lusena & Depocas (1966) , who measured changes in specific activity of mitochondrial components 1-17 days after injection with [14C]acetate. They also found that for the period 14-28 days their results agreed with those ofFletcher & Sanadi (1961) in that the mean half-lives ofthe several components were all about 10 days, but that for soluble protein, insoluble protein and also lipid the logarithmic plots all gave curves of continuously decreasing slope. They concluded that decay of mitochondrial components was more complex than had previously been indicated. In the early part of the decay curves obtained by Lusena & Depocas (1966) 14C is lost from both soluble and insoluble protein with a half-life of about 3-5 days, clearly indicating the presence ofa fast protein component.
The experiments of Wilson & Dove (1965) and Khan & Wilson (1965) Haldar, Freeman & Work (1966) indicate that mitochondrial soluble protein is made outside the mitochondria, whereas Roodyn, Reis & Work (1961) have shown that insoluble protein can be synthesized by the mitochondria. Droz & Bergeron (1965) found a Poisson distribution ofliver mitochondrial grain count after injecting rats with tritiated amino acids, indicating that mitochondrial protein synthesis was not confined to a small proportion of mitochondria. These authors argued that, if mitochondria turn over as an entity, incorporation of amino acids would be restricted to the 'period de genese', which they assumed to be very short and hence only a small proportion of mitochondria should have been labelled.
In our experiments the specific activity of mitochondrial [14C]phospholipid did not decrease detectably after 17 days. This could be interpreted as indicating that some mitochondrial acyl groups (assuming that [14C]acetate labels predominantly the fatty acid portion of phospholipids) have a very long half-life. The specific activity of [14C]lipid from heart, kidney and adipose tissue also remained essentially static after 17 days (unpublished work). However, the work of Pascaud (1964) and Taylor et al. (1967) suggests that at least a portion of mitochondrial fatty acids turns over very rapidly. It seems possible that kidney and heart fatty acids and liver mitochondrial fatty acids turn over very rapidly and are in equilibrium with a circulating pool of fatty acids, which is itself in equilibrium with adipose-tissue fatty acids. Stein & Stein (1962) have shown that some adipose tissue fatty acids turn over very slowly (half-lives 163-187 days). Hence, when measuring lipid turnover oftissues and organelles by [14C]acetate-labelling techniques one may in fact be measuring the turnover ofa precursor pool of fatty acids. This point appears to have been overlooked by other workers.
